Heteroatoms doped Carbon materials have been proved as promising catalyst support material for oxygen reduction reaction (ORR) in proton exchange membrane fuel cell (PEMFC). In this paper, nitrogen-doped porous nanofibers (N-PCNF) were fabricated via cost effective electrospinning technique by blending the PI and PAN as precursors, followed by heat treatment procedures. The N-PCNFs were used as support to prepare platinum (Pt) catalyst (Pt/N-PCNFs). SEM figure indicated that the porous structures not only existed on the surface but also in the cross session of the fibers. XPS and TEM displayed that with the help of heteroatoms nitrogen, the fiber had rougher surface and more defective structure, contributing to the dispersion of Pt nanoparticles. The catalytic performance for ORR was evaluated by cyclic voltammetry (CV) and liner sweep voltammetry (LSV) with a rotating disk electrode (RDE). According to the results, Pt/N-PCNF exhibited superior property (more positive onset potential and half-wave potential) than that of JM20. The excellent ORR activity of Pt/N-PCNF was attributed to the enriched nitrogen heteroatoms coordinated within the microstructure which increased the exposure of more active sites and dispersion of Pt nanoparticles.
Introduction
As a clean, efficient and sustainable new energy system, fuel cell has become one of the effective ways to solve the global energy crisis and environmental pollu-tion problem [1] . However, the large-scale commercial applications of fuel cells have still been hampered by some technical problems [2] (such as high cost, methanol crossover effect and poor durability). So far Pt loaded on carbonaceous supports have been considered as one of the most applicable ORR electro-catalysts. However, the regular carbon supports are susceptible to carbon corrosion (oxidation), resulting in a significant reduction in catalytic performance, particularly at high potential conditions. In this situation, an effective alternative to low-cost, high-performance corrosion-resistant catalyst supports are vital for the application of PEMFC.
Currently, carbon materials doped with various heteroatoms have been confirmed as a promising alternative support material in ORR. A large quantity of report has proved that the heteroatoms (including N, S, Fe, and Co) have a positive effect for ORR activity. Several Nitrogen-doped material such as N-doped carbon nano-graphene (NG) [3] [4] , and N-doped Carbon Nanohorn [5] have been prepared successfully and exhibited preeminent characteristic for ORR.
Among them nitrogen-doped carbon nanofiber (N-PCNF) has received widespread attention. Carbon nanofibers with high conducting property which can provide efficient pathways for electrons are regarded as a promising support material. Furthermore the pyridinic N in N-PCNF can increase the defect of the fiber, thus enhance the active sites for ORR [6] [7] . Lui [8] has prepared a kind of N-CNF through urea treatment. The obtained N-CNF exhibited better catalytic activity than the traditional carbon nanofibers. The study demonstrated the effectiveness of nitrogen doped nanofiber.
In this paper, we developed a series of nitrogen doped porous carbon nanofibers via using Polyimide (PI) as nitrogen precursor with different content. Then N-PCNFs were used as support materials to deposited Pt nanoparticles. The electrocatalytic performance for ORR and the role of nitrogen were tested and discussed.
Experiment

Preparation of PI
The soluble PI was synthesized via the copolymerization of 2,2'-Bis (trifluoromethyl) benzidine (TFMB) , 2-(4-Aminophenyl-1H-benzimidazol-5-mine (BIA) and 3, 3', 4, . Briefly, a calculated amount of TFMB, BIA and equimolar BTDA were dispersed in 1-Methyl-2-pyrrolidinone (NMP) in a three-necked flask, with a solid content of 15 wt%. The mixture was stirred at room temperature for 8 h to form a highly viscous poly(amic acid) solution. Whereafter, the poly(amic acid) was converted to polyimide by thermal imidization process at 195˚C for 10 h. Finally the PI film was obtained through tape casting at 70˚C in vacuum oven for 24 h.
Preparation of Nitrogen Doped Porous Nanofibers (N-PCNF)
The N-PCNF was synthesized by electrospinning technique. For spinning solution, 70 wt% polyacrylonitrile (PAN), 30 wt% polymethylmethacrylate (PMMA), polyimide (PI) and N, N-dimethylacetamide (DMAc) were used as polymer, Pore former, N-contenting precursor and dispersant solvent, respectively. Then the mixed solution was stirring for 12 h at 40˚C to disperse uniformly. The precursor solution was loaded in a syringe with a diameter of 0.4 mm spinneret and fed at a speed of 15 µl/min. The electrospinning voltage is 18 kV and the distance between the needle and collector is 18 cm. Then the fibrous films were dried under vacuum for 12 h to evaporate the residual solvent. The pre-oxidation was treated under 280˚C for 1 h followed by carbonization at 900˚C under the N2 flow. The sample were denoted based on the content of PI (0 wt%, 30 wt%, 50 wt%, 100 wt%) as PCNF, N-PCNF (PI-30%), N-PCNF (PI-50%), N-PCNF (PI-100%).
The surface structure and morphology of the nanofiber catalysts were investigated via scanning electron microscopy (SEM), transmission electron microscopy (TEM) and X-ray photoelectron spectroscopy (XPS).
Synthesis of N-PCNF Loaded Platinum Nanoparticles (Pt/N-PCNF)
The loading of Pt was processed via traditional ethylene glycol (EG) technique [9] . Briefly, 40mg as prepared N-PCNF and 30ml EG were added into flask and went through ultrasonic treatment for 1 h to afford a homogeneous ink. A certain amount of H 2 PtCl 6 ⋅6H 2 O aqueous solution (7.53 mg/mL of Pt) was subsequently added to the ink and followed by ultrasonic treatment for another 1h. Then the ink was heated at 140˚C with stir for 4h under N 2 atmosphere. After cooling down, the ink of Pt/N-PCNF was separated in the centrifuge and washed by deionized water and acetone for several times. Finally, the catalysts were dried in the vacuum at 70˚C for 12 h.
Electrochemical Measurements
The electrochemical properties were performed in a standard three-electrode system controlled by CHI 760E electrochemical station. A saturated calomel and platinum electrode were used as the reference electrode and the counter electrode, respectively. For working electrode, 4mg Pt/N-PCNF catalysts were dispersed in 2 ml methanol/Nafion (5 wt% 
Results and Discussion
In this study, we fabricated the N-PCNF through electrospinning and subsequent calcination. The morphologies of the nanofibers were observed by SEM.
As shown in Figures 1(a) -(f), the average diameter of fiber was approximately on the range of 150 nm -300 nm. All fibers showed porous structure. But obviously, N-PCNF (PI-30%) possessed more pores and rougher surface. Meanwhile, porous structure of N-PCNF (PI-30%) not only presented on the surface, but also in the internal of the fiber (Figure 1(c) ). Thus, both cross-section and surface of PCNFs became more defective and rougher which might benefit the distribution and deposition of Pt nanoparticles.
To investigate the chemical structure of N-PCNFs, X-ray photoelectron spectroscopic (XPS) measurements were tested. All samples showed peaks corresponding to C1s, O1s, and N1s ( Figure 2 ). Furthermore, high-resolution XPS N 1s spectra were curve fitted to reveal the chemical states of the nitrogen dopants. showed smaller size distribution of Pt nanoparticles. In addition, the figure indicated that the nanoparticles tended to grow on the defects part or pores of the fibers. In this case, the N-PCNF (PI-30%) showed the better condition of Pt nanoparticles which were expected to boost the catalytic activity.
To evaluate the catalytic activities of Pt/N-PCNFs for ORR, we tested normal CV patterns in N 2 -saturated 0.1 M HClO 4 solution. Two distinct characteristic peaks can be seen in Figure 5 (a). The peaks below 0.4V were related to hydrogen adsorption/desorption and the peaks in the range of 0.6 V -1.2 V were Pt oxidation/reduction. The electrochemical active surface (ECSA), representing the intrinsic activity of Pt catalysts, was calculated by the integration areas of hydrogen desorption area after removing the contribution of the capacitance [12] [13] . The value of ECSA for Pt/PCNF, Pt/N-PCNF (PI-30%), Pt/N-PCNF (PI-50%) and Pt/N-PCNF (PI-100%) was 75.19, 67.67, 70.50, 31.63, 15.41 
respectively (Table 2) . Among four samples, Pt/N-PCNF (PI-30%) displayed the most notable peak which may be attributed to the synergistic effect of high content of the nitrogen and pyridinic nitrogen which could provide more active sites [7] . LSV (b) curves of PCNF, N-PCNF (PI-30%), N-PCNF (PI-50%) and N-PCNF (PI-100%) in 0.1M HClO 4 at ambient temperature with a potential scanning rate of 5 mV/s and 1600 rpm RDE rotation rate.
The rotating disk measurements (RDE) was also carried out in O 2 saturated 0.1 M HClO 4 solution to further evaluate electrochemical performance. As displayed in Figure 5 (b), the curves indicated that the Pt/N-PCNF (PI-30%) had those of other catalysts even JM20. The improved performance may be attributed to the integrative effect of nitrogen structure and microstructure which can significantly improve the accessibility of the active sites for reaction [14] .
Although the limited currents density was lower than that of JM20 catalyst, it's increased a lot compared with other catalysts. The result suggested the specific characteristics of Pt/N-PCNF which could enhance the ORR activity.
Conclusion
The nitrogen-doped porous nanofibers were successfully fabricated by cost effective electrospinning technique and subsequent carbonization. Pt/N-PCNFs showed excellent ORR activity. The porous structure enabled the fibers with rough surface and defects. Furthermore the blending of PI increased the overall N content and pyridinic N which significantly boosted the exposure of active sites for ORR. That is to say, a preferential structure for catalyzing ORR process would be the outcome of the balance of content and types of nitrogen and defects. N-PCNF (PI-30%) showed the better performance that can be employed as a promising oxygen reduction reaction electro-catalysts support.
